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OPTICAL INFORM^ON RECORDING MEDIUM AND PRODUCTION METHOD THEREFOH 



(57) An optical tnfonnatlon racorcflng medlurr* of the 
present invention inductefi al least m (nr» la en Integer of 
2 or more) information layers, and each of the Informa- 
tion layens includes a recording layer that changes irre- 
verably batmen a state A and a state B that are op^ 
cady dttferant from each other, m tha case where the m 
information teyera arc taken as tha flret through m-lh In- 
f orTT>atton layer© In the order from a laser beam Inci- 
dence sWe, When a recording layer Included In tha J-th 
infomiatlon tey^ (J Is an integar satist/Ing 1 s J 5 in • 1) 
i& taken 06 tha J-th reconflng layer, and when a irane- 
mrttanco of the }-th infcmnatlon layer at the time when 
the Hh record ing layer ia in the state A is TAJ (%> and a 
tranBinlttance of the f-lh Infomiatlon layer »l the time 
when the J-th recording layer Is In the atate B. Is TB| (%) » 
th© following ralatlonahip Is aatisf ted in the j-th Inf orma- 
tlonteyen 

0 S ITAJ - TBIl / fTAi,TBJ)mQX 5 0. 10 

Where (TA|,TBJ)majt la a larger vakje of TAJ and T8)» Fur- 
thermore, at least one recording tayer of the first through 
(m . 1 )th recording teyera la fom>ed of a material having 
a complex mdex cf retraction (n ■ Ik, where n la a refrac- 
tive index and k is en extinction coefficient) thai la c«l- 
ferant from that of the m-ih recoiding layer. 
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Description 
Tbchnlcal Rsld 

5 fpOOl} The present Invention retatea to an optical tnforrnatlon recording medium on/Trom which mforrnatioti can be 
recorded/reproduced with a high ddnslty et a higti speed using optical means such as in'adlatlon wllh a laser beam, 
end 0 method (or manufacturing the same. 

Background Art 

TP 

[D002] Optical Infonnatlon recording mecSa such as magneto-optical rocording media and phedd^ange recording 
m^dla are known ae Infonnatlon recording media having a high capecity on>fronri which information can be recorded/ 
reproduced at a high speed. Theee optical (nfomr^ation recording media utilize the (Terence In the optical charactertstlce 
oT a recording material generated by irradiating the recording material locally with a laser beam as a record. These 

fs opttcai Information recording madle are very ac^antogeoufi in that they can be acceesed nandomty, If noce&sary, and 
aleo have excellent portability. SO thai the importance thar«of has been Increasingly growing In recent yeara. The 
demand fortham is Increasing In vbtIdub fields Including a medical flold» an academic field, etc. and for vaiioua purposed 
Including, for example, recording end atoring personal data or image Information w&h computera and substituting for 
home video tapes. Presently, wtth higher perfonnanoe of applications and higher quality of Image Infonnatlon, It .la 

so required to Increase the capacity, density, and speed of these optical Infbnnation recording media even mors. 

(00031 As one means for achieving a higher density, optical information recording media having a plurality of Infor- 
mation layers have been proposed, and for exantple» a technique of laminating two mfontiatlon layere fomied by using 
a wrtta-once material has been proposed (e.g., see Intemationai Publication No. 96/09823). 
[0004] However, when such an optical information recording medium including two or more infomnatlon layers is to 

ss be realized. recordlng^reproducUon of Information onflpom an infonnatlon layer locatad farther when viewed from a 
laser beam incidence side (arranged away from a plane to which a laser beam is incident) may be affected by an 
infomiation layer located ndarar (the laser beam inodence side). 

That Is, In the case ,^ere the transmittsnce of the {nformatlon layer on the near side changes accortilng to whether 
or not recording has been peftormed, when Infonnatlon is recorted^reproduced on/from the Infonnatlon layer located 

so on the far side udlng a laser beam having passed through the Infonnatlon layer on the near side. It la dlfHcun to record/ 
reproduce signals correctly because the quan^ of a laser beam that reaohea the infonnBtlon layer on the far side 
dwera according to whather or not raeonjlng has been parfonrted In a portion of the Irirormailon layer through whieh 
the laser beam has passed. This dteadvantsge becomes critical as the number of intdmiatlon layers to be lammaied 
Increases* in particular, some witte-onoe optical Information recording media can be designed such that one infomiation 

» layer has s very high tranemlllance of, for example^ 70% or more, and It Is preferable to lamtnate a pturattty Of infomiation 
layers Into a multilayer etmcturs, bin R is difficult to realize the multilayer structure In prectlcB] use when the difference . 
In the tmnsmlttance according to whether or not recording has bean perfonned as described atwve Is generated. 
10005] To cope wtth the disadvantage es deecribed ebove, for example, an optical Infonnation recording medium 
has t>een proposed in which the difference In the transmittance of an information layer between a pottion where re- 

^ cording has boeii performed end a portion whom reoorcilng has not been performed located on the near side is reduced 
and also the Infonnation layer on the neat side la designed so as to have a high tranemlttanoe^ so that recording/ 
reproduction or>/from an information layer on the far aide can be performed correctly, regardless oT whether or not 
recording has been performOd in the information layer on the near side. In such an optical infonnatlon leconjlng medium, 
a mattwd of adjusting the film thiclche>is of a proteeth/a layer lr>cluded in the Information layer Is used as a moans tor 

^ designing the information layer In which the dtfference In the transmittance tMtween the portion where recording lias 
been perfonned and the portion where recording has not been perfomed is reduced. 

[0006) However, wtth some recording materials, the difference In the transn^ttanoe of the infonnatioii layer behyeen 
the portfon where naconfing has been peiTonned and the portbn where recording has not been perfonned cannot be 
reducedonly by adjusting the film thickness of the protective layer included in the Infomnation layer, and it Isimpoesibis 
so to utilize the technique as described above when using such reoordlrg materials. 

Disclosure of Invention 

[OQ07] An optical Infontiatlon recording medium includes a substrate and at least m (m Is an Integer of 2 or more) 
» information iayers provided on the substrate, and each o4 the m infonnatlon layers Includaa a recording layer that 
changes in^vers^ly betwasn a state A and a state B that are optically difTeren: from each other, and In the case where 
the m Infomnation layers are taken as the first through m-th infotmalion layers k) the order from a lasar beam Incidence . 
side, when a recording lay'er^ncluded in the j-th infomwtien layer (| Is an integer satisfying 1 s J £ m - 1 ) is taken as the 
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j-th reeordlng layer, end when e tranemittance of the j-th infortnaiton layer at the lime when the j-th recording layer te 
In the state A Is TAj t%) end a transmitiance of tha Hh InTuimBtion layer al Iho time when the ]^\^ reeordlng layer I& In 
the BtBte B is TBJ the following relationship Ie setlsfied In the J-lh Infontiatlon layer 

* 0 5 ITAJ -TBfl /(TAjTBJ)max £ 0.10 

where (TAJ.TBj)max \^ a larger value of TAJ and TBj, and at least one recordina layer of the firet through (m - 1)th 
recording layem is formed of a material having a complex index of refraction (n - Ik. where n 18 a refractive Index and 

to k is an ejetihction coefficient) that Is different rrom that of the m^th reoortling layer included In the m-th mlormatlon myer. 
[OOOai A method for msnufacturtng an optioaJ Information recording medium of the preeent Invention Ie a method TOr 
manufactunng en optteal Infoimatlon rocording medium In which a 0luramy of if>format)on iayere are provided on a 
eubetrate, and Includes at leasi m (m is an integer of 2 or more) etepe of terming an Normadon Ijyer including e 
recerdlrra layer that can chenge Irraverstoly between 0 rfeie A and a state B that are optically different from each other. 
' w end m the case where the Information layflfs formed in the m steps are taken bb ihe tlret through m-th mformat on 
tayere in the order from a laser beam IncWeruse elde. when an information layer provided in the hth posnion from ho 
laser beam Incklonce sWe latakon asthehth Infoimatlot) layer (| Is en integer eatlsfying 1 « J s m - 1 ) end a ff^^^^^Q 
layer included In the J-th Information layer la taken fis t^e J-lh recortline layer, and when a iransrtilttance of he j-m 
Information layer at the ttne when the J4l^ leeording layer to In the state A U TAJ (%) and a transmlttance of the )-m 

20 Information layer at the time when the j^h moerding layer Ie in the atate B la TH] (%), at teaet one recordUig layer of 
the flTBt through (m > 1 )th recording layem laformed of a material having a complex Index of refraction (n . J^. where n 
IS a refractive index and k Is an extincdon ceetncient) that is dtffereni from that of the m-th recording layer mduded in 
the m-th Information layer In such a manner that the following relationehlp la salWIed In the J-th mfomiadlon layer 

^ 0 S ITAj - TBJI y (tAI.TB))maK 5 0.1 0 

whera (TA|,TBJ)mex la a larger value of TAj and TBJ. 
so Brief Descriptton of Drawlnga 

[00091 

PIG. 1 fe B orose-eectlonal view ehowing an example of an optkal Information recording medlwn of the pfcaenl 

as . invention. - , m m t *ka 

RG. 2 is a croee-eecttonal view ehowing another example of the optteal mfomnotion leeortHng nwaium 01 wa 

present invention. * m- ♦! 

FIG 3 le a achamatte view ehowing an example oi an Information recordlng/reproduolng eppeianja that Id ueeo . 

when Informalbn ia recordc<l/ieproduead on/frbm the optteal Infofn^atlon recording medium of the prooent Inven- 

^ PIG, 4 Ie a diagram ehowing e reproduCTion signal when reproduction from a eacend Infomwctlon tayer ie performed 

throLBh e flrsl Information layer in an example of the preeem Invention. 

Beet Mode for Carrying Out tha Invpntten 

^ rooiol In an optteal Infomiatlon recording medium of the present invention, the recording layer provided Intfie farthest 
poattton Ql the recording layers that change irreveisib V between a state A and a state B that are optlcafly dtffereni from 
aachomerhaBacwmplexIndoxDtiefrartionthatiadtfterentfromthfltofatieaetonew^^^ 

and a dtrference In the trenemltianee In en InformatiDn layer Is reduced, so that signals can be recorded/reproduced 
90 c»rrectiy on/from the optteal Infoimallon recording medium in which at laasttwo Infomiation layere Include a write-once 
recording layer. The wdie-onoe recording layera tendto be designed ao aa to have a very high tranemltiance and often 
can be laminated Into a multJIayer. -Riua. the optical Information mcerding medium of the present Invention is eu toble 
to bo UBedforopttealinformatlon recording media Indudlngawrite-oncePBCDrdln^ 
can be realized 

as root 11 In the optical Infonnatton recordlns itwdlum ot the preaont hvwtlQn. when a dlBerencB In the refractive Index 
Utwaen the cme where the m-th recording layer 16 In the awte A and the ewe where ft Is In the state B Is Awn. a 
difference Ih the exHnctipn eeeffleient therrtwtween ie dMm. a ««ferenc» In tha retractivre ^ ^rtWMii^ »a 
tne J-th reeordlng layer Ie In the state A and tha ceae where It S in tha state B Is AnJ, and a dlfferanoe « the extmctign 
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cc dff ici^nt therebetween Is AkJ, It ts preferable that trie f otiowing relationship is satisfied in at least one Inf ormatioh layer 
ot the first threugh (in • 1)th Infomfietlon iayere. 

^ lAnml 4- l^km) > l^njl lAkjl 

Thue, the difference.in the tranemlttance in the information layera can be reduced easily. 

ID012I In the optical Information recording medium of the present Invention. It ia preferable that the following rela- 
tionship further is settsfled in the j-th hformatlon layer 

10 

The reason for th^s Is (hat signals also can be reeordedA'ep reduced more correctly onlrom the Information layer ar< 
IS ranged away from th« laser beem rndctonce sido. 

[001 3} In the optical inf o?Tnation reoordirtg medium of the present invention, it Is preferable that at least one Of the 
first through m-th recording layers is of a wnta-once typa containing an oxide. IhuB, high transmlttances of the Infor- 
mation layers can be achieved by adjuating the composition ratio. 

[00141 in the optical lnfomf>atlon recording medium of the present Invention, at least one ot the first through m-th 

2f> . recording taye ns may be of a wrfte^once type containing TeOM (where M is a material cgntatnlng at least one element 
GoleGted from the group constetlng of metal elemente, eemtmetal elementa and eemiconduotor etements), or all of the * 
first through m-th recording layers may contain Te-O-M. Tlius, an optical inrormaition recording medhjm capable of 
providing both a high signal amplitude and a high tranemlttenee cart be reaitzed. Monsover, at this time, it ie preferebte 
that at iaast one of the first through m-th recording layers has a different corx:eritratlD7) of oxygen atoms from tfial of 

Si at least one of the other recording layers^ and I is preferat)le that a recotxtlhg layer provided nearer to the laser beam 
Incidence side has a lower concentration of oxygan atoms. Thus. In addition to that tha dttference in the transmfttance 
of the Information iHyer located on the near side between the recorded state and the unrecorded state can be reduced 
' easily^ the transmlttance cf the InformBtion layer on the near side can be set to a high level easily. 
[0015] In the optical Information recording nr>edlum of the present Invention, the concentration of M atoms In the flr^t 

30 recording layer may be higher than that In the second through nvth recording layers. Thus, in addition to the difference 
In the tranamlttance ot the Infomiatlon layer located on the near aide tyetween the recorded state and the unrecorded 
state being reduced easily, the tranemittanoe or the iitrormation layer on the neer elde can be set to a high level eaelly. 
[D016] in the optical inlDrmatlon recording modlum of the present invendon» at least one of the first ttirough rrhtti 
recording layers may contain at least ona eeleded from the group oonetotlng of 8b^. Sb-lb^i Gb-0» Sn-0, 1n-0, Zh" 

S5 Oy Ge^O. r^o-0, W-O, end T»0. Thus, both a high signal amplitude and a high tranamlttance can be provided. 

[D017] In the optical information racording medium ol the present invention. It is preferobte that m la 4 or more, since 
a recording medium with a high capacity can be realized. Moreover, when m is 4, It Is prefef'eble that the following 
relationship Is aatlsfled: 

^ CT"A1+TB1)/2fe80 

and 

^* (TA2 + TB2)/2a70 

and 

^ (TA3*fTB3)/Z2 70 

where TA1 end TBI are the transmlttance of the first information layer. TA2 end TB2 are the transmlttance of the second 
^nfoimation layer, and TA3 and TB3 are the transmlttance ol the third Infom^etion layer 
S5 Thus, a sufnctent quantity of the laser beam can reach the f nfonnatton layers located farther. 

[D016] In the optical information r^roing medium of the preeont invention, It is preferable that the first through m- 
th recording layers have a thickness of SO nm or less. The reason for this is that an inf omiation layer with an even 
higher ironsmlttenoe cen be realized easily and further the themnal effect on adjacent mence can be euppressed. 
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[00191 the optical infofmailon rocordlng medium of iha prasont hivontlon may further (ndu da a recording layer that 
can Change revemlbiy between a state A and a slate B thet ana opilcally different from each other. Aocofdrfig lo Ihie, 
an opttofti intormetior* recording medium applleabia to vartous types of applications can be realized. 
[0020] Funnennore, accordfrig to b method ior manulaciurlng an optical Information cecording medium of the present 

9 invention, the optical Infomiailon recording medium of th» present Invention can be produced. For eKample» tn at least 
one of the m eiep9, a write-once raconding layer containing Te-O-Mcan be produced by reactive eputtehng, using 
fl largei containing ai loaBl Te and M (M is a material containing at leaal one element Bolecled from the group oonsi&llng 
oT metal etemente, ^emimatal el€Tnent&. and eemtconductorolemeritB) and a film-forming gaa containing at least oxygen 
gas, 

10 [00211 Herolnefter, an embodimem of Ih© prosant Invention will be described more epeclflcalJy with reference to the 
drawings. 

[0022] FIG. 1 shows en example of an optical Infomiatlon recording medium in which a first Infomietion layer 1 , a 
eocond Infonnatlon layer 2, a third Infomiation layor 3, and a fourth Information layer 4 are laminated In this order from 
the laser beam Incidence B*de via Irtemiodlato \0y9r9 901 . 802, and 903 betwson a Bubslrale 5 and a Oght tranft?>arenil 

13 layer e. In this embodiment, rhe aubstrate 5 Is airariged on the side oppoaitfi to the laser beam Incldonea side and ihe 
llghi transparent layer 6 ia arrangad on the laser beam Incidence sWe. It is necesaary that an Information layer provided 
In a position nearer to tha laserbeam Inctdenca side has optkal Iranspamney. since thlslayor haa to iransmft a laser 
beam so that the laser beam reaches an Infonfnation layer provided in a farther position. Therefore, in the optteai 
Information racoiding medium In ttita orrtbodiment, the first throuflh third InformeBon layers i through 3 have optical 

s» transparency, - • 

Moreover, It la preferable that the fourth Inf ormfllton layer 4 has e high recording BenaWvlty. aince ihfomiatlon is re- 
cordodAreproduced with light having passed through tha first through third Information layers 1 trough 3. 
[0023] The first Information layer 1 1ndudes B protective layer 1 01 . a first recording layer 1 02, and a protectrve layer 
10$ that are arranged In this order from the laser bsam Incidence sido. The second information layer 2 Includes a 

ss protective layer 201 , a second recording layer 202, end a protective layer 209 that are aTianged in thte order from the , 
laser beam Incidence side. The thlid Information layer 3 Includes a protective layer 301, a third recording layer 302, 
and e protective layer 303 that are an^nged In this order from tha laser beam Incidence side. The fourth InTomiatlon 
layer 4 Includes a protective layer 401 . a fourth recording layer 402, a protedtvo layer 403^ and a reflaeiJve layer 404 
that are an^nged In thte order from the laser beam inddaneo sido. 

30 [DD241 The substmte 5 and the light transparem layer 6 are protectfrig members that senre 10 protect the optical 
information reooidlng medium fwn damage and oxidation. The i^ht transparent layer 6 fa formed by using a material 
that le transparem to the laser beam or a material in whlflh optical absorption. If any. is so small that It may be r\€gligmie 
(e.g., a matenal with an opiteal abeorptMty of 10% or lees), since this layer has to transmit the taaer beams so that 
they reach the f lf»t mrough fourth InformaUon layers 1 through 4. In this embodiment, the laser beam is Incident from 

35 the llghi transparent layer a side, but the laser beam may be mcwem fmm the subetrete 5 side. In this ceae. it also Is 
nacaseary to use a materfal that Is traneparent to the laser beam for the substrate 5. 

100251 EKftmpiee of material of the substrate & and the Hght transparent layer e include various types off resins such 
as polycartooneite. polynwthyl methecrylate, and poiydiefm-based rosins or glasa. 

ID026J it Is sufficient thai the llghi trenapamnt layer 5 can be produced such thet It has a uniform fifrn thickness Withm 

40 a predetermined film thicimeefi rar»ge. For exempio . a eubatrate thai is produced into a predetcmrlnod ahapa by molding 
or the like, a sheet that Is made into a prodetermlned chape, or an ultravlolot curable resiri that is transparent to a laser 
beam Ufted for recording/reproduction can bo used. The light transparent leyer 6 as used horein refers to all the tfana* 
parent layers provided on the laser beam inddenee side when viewed from the protective layer 1 01 that will be described 
later. For example, when transparent sheets are attached by a tranaparant uftraviolei curable resin, theaa as a whole 

45 should be referred to as the light transperenf layer 6. 

[00271 It Is preferable that at least one of the HgM transparent layer e and the substrate 5 is provided with gu?de 
grooves or pits for guiding the laser beam formed on the surface that is in contact with an information layer 
[P02q Tha protecQve layere 101, 103, 201 , 203, 301, 303. 401 . and 403 are provided for tha purpose, mainly, of 
protacHng the first through fourth recording layera 1 02, Z02. 302, and 402 and adjusting the optical eJiaracierisiica euch 

ao ee ellowlng effacUvB opticel absorpfion In these recording layers. As materials of the protective layers ^0^,^ 03, 201 . 
203, 301, 303 401 , and 403. matariale with which the ebove-descrlbed objedh^ee can be achieved, for example, 
suindos such as ZnS, selonttas such as ZnSe. oxides such as SI-0. AI-0, Ti-0. Tfe-O. Zr-Q and Cr-Q» nltridas such 
as Ge-N, Cr-N, Sl-N, Al-N, Nb-N, Mo-N, Tl-N. Zr-N sndTa-N. oxynttrWes euch ea GoO-N, Cr-O-N, Sj^';^^* ^l-y-N' 
Nb-O-N, MoO-N. TK>N Hr-O-N andTa-O-N. carbides such as Ga-C, Cr-C, Sl-C, AI-C^Tl-C, Zr-C andTa-C, fluondes 

53 euch as Sl-F, Al-F, Ca^F and i-a-F, and Other dielectrics, or appropriate combinations of these substances (e.g.. 
2nS-Sl02) can be used. ^„ ^ ^ .. 

[00291 The reflective layer 404 can be formad of a metal such as Au, Ag, Cu. Al, f^ll, Cr or Tl, or an alloy of mebis 
appropriatefy selected fmm these metals. The reflective layer 404 is provided for the purpose of achieving haat dissi- 
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pattoh offect and optical streets such es effective optical absorption in ths recording layer 402. Tha f}tm thickness 
thereof preferably b 1 nm or more. The reason for this Is that when the film thickness of the refiectivB layer 404 Is set 
to 1 nm or more, the film cen be provktod In the f onn of a uniform layer» and heat dissipation effect and optical effects 
can be Increased, in this embodiment, only the fourth Infomiatlon layer 4 provMad whh the reflective layer 404, but 

5 any of or all of the firss through third infom^atlon layers 1 through 3 may be provkled with a reflective layer, or the fourth 
ihfomiBtlon Iayer4 rrvay not be provided with the ratlectlve layer 404. Generally, when provided with a reflective layer, 
an inrormation leyer decreases Its tranamlttence, but a high signal quality can be achieved easily becauoe of the above- 
d escribed heat dla&^tlon effect and optical effects. Therefore, li is rsqulred to determine as epprvprtate whether or 
not a reflective layer Is to bo provltled when dastgnlng the first through third Infomiatlon layers 1 through 9 located on 

10 the laser beam Incidence side. When a reflective layer is provided, it should be designed so that the transmittance of 
the information layers Is kept high by aetling the thickness of each raflecttve layer at a vary smaH flhi thtekneea of, for 
example, 1 0 nm or lees. 

[0030] TTie Intermediate layers 901 , 902. and 903 are layers provk^ldd for the purpose of opticsJIy separating the first 
Information layer 1 through the fourth Information layer 4 and made of a materlat that is transparent to the laser boam. 

« SpcelfiQaily. ultraviolet curable resins and the SK/e can be ua^d. The film thlckneai* of each of the Intcfmedtatc layers 
901 through 90S can be set ed a fUm thickneaa with whk;h the firsti through tourth lnforTTiatk>n layers can be separated 
from each otner and elao the four Infonnation layers are preeant within a range m which an objactWe tens can fooua 
light thareon. When three or mom information layers are laminated. It is prelerabte thai eaeti Intermediate layer has a 
different thioknasa. The reason (ortMs Is as follows. When eaoh intemtedtats layer has the fiemathteknssa. information 

^ layers are located equkflstantty^ so that when recordlngrraproduGlion is performed in an infoimmion layer In the farthest 
position whan viewed from the laser beam Incklence aide, the lasar beam may be fDcuaad on an Information layer in 
a nearer position and thus eroestalk may ooeur. 

[D031] The first thn>ugh fourth recording layers 102» 2(^, 302, and 402 are fomied of a material thai oan be In two 
or more states (State A and state B) in which optical characteristicd are dlfferetit. in this embodinr)em« a write-once 

S5 recerdfrtg maTarlal (materia) in whbh wrWr^g can ba performed only once) that can change itreversibiy between the 
dWarent states A and B Is used for at toast two or more layers of these recording layers. It Is also poeslbfe to usa a 
write-once material for all ofthese recording layers. When a write-once material is usee for two or throe layers of the' 
four recording layers, a rewntabie material can be used for the other recording leyers. In this case. Infbrmation thai is 
not deslrsd to be orased and Information that la desired to be rewritten can coexist In one cptk^ai Information racordJng 

3o medium, so that an optical information recording medium that is v©7 usoftjl and applicable to various types of appii- 
cationa can ba provided. At this time, It is preferable to use a wnte-onee material for a recording layar provided m a 
position near the laser beam incidence side, The reason (or dtle la thai when an oxlde-basod wilte-onee recording 
motariai Is used for a recording layer, a high ttansmntance can De rsaltesd eaally. so mat It becomes easy to deelgn 
an optteal Infomiatlon recording madrum having a mulUtayer atnicture. The foBowfng b a descnpuon of an axanffpie m 

S5 whkih a wrile-onee materiaf is uaed for alt of the first through fourth tecordlng layem 1 02, 202, 302, and 402. Among 
such maierlala, materials particularly eenteilning an oxide are used preferably as a recording matertal of an optical 
information recordtng medium induding muntple IntonnBden layers because a very high transmittance can be realized 
by adjusting the composition of these materials. Spadfle examples of prefarrod materlala Include materials k^aaed on 
tb-O-M (where M Is a metertal comatnlng at least one element seledted from ttw group consisting of metal elements* 

^ scmlmetal elementa, and semiconducior elements) such as "fe*0-Pd end fb-O^Au. A recording mechanism of such 
rscordlrtg materials based on Te-O-M seems to be as follows. 

[0032] Te-OM is a composite material in which tiny pantoles of Te, Te-M, and M are dispemed unlTomily in TeOg 
immediately ener the film is formed. When Te-0«M Is Irradiated with a laser beam, ths film is melted, and consequently 
Te, end M ere precipftated In The feim of a larger crystal grain, so that the optical state is changed end the 

^ difference can be detected in the form of a signal. 

[0093] The material M is added in on^er to promote cryetalitzatlon of Te, and this effect can be achieved, as long as 
M is an eien^nt that can form a bond with Te. A Te crystal has a structure In which chain structures in which Te atoms 
lie In spirals by a covalent bond are held together by weak van dor Waals forces. In order to melt Te« it is suffideni to 
break off the weak van der Waals bond, so that 1^ has a relatively low malting point of about 462-C. However, at this 

90 time, the crystaOteation rata ia tow because the spiral strueturaa remain. It Is balieved that in the recording materlala 
)n this embodimant, the matarfal M that can f onrt a bond with Te Is added, so that the matarlal M and Te form a crosailnk- 
tng structure, and a structure that Is differ^ f^om the above-dascrfbed chain stmcture of Te atoms Is provided, and 
thus the crystailizatlon rata can be Incroased. 

(0034] Specific axampiea of the material M Include at least one element selected from the group eonslattng of Pd, 
S9 Au, Ag, Cu, Sb. Bl. Ge, Sn, in. Ti. Zr. Hf, Cr, Mo. Co, Nl, Zn and the Uke, and mixtures containing plural elementa 
of these eiements are also possible. In porllcuiar, when the material M contains at least one selected from the group 
consisting of Pd. Au, Pt, Ag. Cu. Sb. Bl. Ge. Sn. and In. the crossiinking structure with Te aton)s can be formed more 
effectVely, so that the crystalltzaUon rate can be further Inoreaeed easily. 
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[DOaS] Altemailw examples of p^efenod matdrlale us&d for tMe flrrt through fourth reoordlng layers 102, 202, 302. 
and 402 Include oxides audi ad S^O. Sb-Te-O, Go-O, Sn-O, In-O, Zn-O. Ga-O. Mo^O and W-0, or thoir mWurae. 
- Moraover, perroratfon-type matohala. $o-be^ matorlals such as Se-Sb and Sa-S, or materials In wnfch a phase 
change occurs between amorphoua and aniorphous, such as Bl-Cu, Bl-Ga and S!-in» also can be u«aa. 

9 [D03«] It la prereraM that the film thickneaa of eaoh of the first dirough fourth recording tayare toa, 202, doa, and 
402 is 3 nm or mora and 80 nm or less. Tho reason for this is that isy sonfng the Olm thicKneaa to 3 nm or nx>re, a 
tecording material can be made Into a layer easily, so that good signals can be obtained. Moreover, by &eumg the film 
thIcknesB to DO nm or lesa, thermal diffusion in tho plana of each recording layer can be suppressed, so that when 
recording lo peifomrted with a high density, the thermal effect on adjacent marks that already have been written can 

10 be su^essed. Moreover, H Id preferable that an even smaller film thickness of 20 nm or less is employed as the film 
thicKnese of each of the first through Iburth reoofding layo« 102, 202, 302, and 402 because the transmlttance of the 
first through third Informt^tion layers 1 through 3 can be maintained at a high level. 

[0037] The first through fourth Information layers 1 throvgh 4 a re designed such that optteal changes In th^ rettp^ctivo 
first through fourth recording layers 1 02, 202, 302, end 402 resul! m optically detectable changes such as a change In 

rs reflectance, a change In phase dlffororKse, arKi a change In abaorptlvliy tor tho laser beam. 

[0036] In the optical InToimftUon recording medium In this embodiment, materials of the first through third racording 
layers 1 02, 202, and 302 are va ried so that the difference In the transnmtance of each of the first through third Information 
layers 1 through 3 between a atata {Btaie.A} |n whk;h rscondtng has not beefi psrformed and a stare (state B) In whldi 
recording has t)een performed beoomea as small as possible. In the optical Information recoiding medium In this em- 

» bodlmem, prwidad that the transmlttance of a J-th <nf ormatlon tayer at the time when a j-tti 0 • 1 . 2. 3) reconiing layar 
Is In the Slate A Is TAj |%) and the transmlttance of the hth Information layer at the time when the )-th recording layer 
Is in the state B is TBj (%). the foltowtng relatlonahfp Is satisfied In each or the first through third InformatloTt layers 1 
through 3: 

^ 0slT/\[-TBJI/rrAI.T5Dmax£0.10 (1) 

where frAJ,TB|)max Is a larger value ol TAj and TE9. Furthermore, It Is prefofable that, iT> partteular, In iho first Information 
layer 1, the foltowfng relationship is aatlsfled. 

0 S ITA1 - TB1I /(TAI .TS1)majc S 0.08 (2> 

10039] By satlsiying the above relationship (1 ) (preferably, by further satisfying the relationship (5)). even when slg- 

39 nals have been recorded In an Information layer located on the near side when viewed from the laser beam Incidence 
side, the quantity of the laser beam that haa reached an Inffonnatlon layer located on the farslde can be almost constant, 
regardle&s whether or not recording haa been performed In the lnft)nmatlon layer on the near side. Thus, an optical 
tnfomnatlon recortlng medium having a muttllayer structure in which recordlng/reproducflon can be perfonnedeoiTeeny 
and stably can be reellzed. 

40 [0040] In order to satisfy the above reletionahip (1 ) in the first through third Information layere 1 through 3, It Is often 
necessary to acjust satisfactorily the complex Index of ret ractfon in the reeorrilng tayer Included In each Of the infor- 
mation layers. That Is, It is not ahvays the case thai irenamlllanceB of TAJ and TBI satisfy the relationship (1) (the 
difference In thetransmfttsTice b reduced aumclently) under fihe eondftlona (e .g., typo of malortal and composition ralto) 
IhoT provide the maiclrnum amount Of change In the optical charadertetics of each of the recording layers, eo that It la 

49 preferable to ad|usi the conditions of each of the recording layers such that the dlfterenoe In tho transmlttance between 
the state A and the state B can ba reduced whila maintaining the amount of change In the optical chafBcteitetlcs. In 
this embodiment, at least one of the first thfX)ugh third recording layers 1 02, 202, and 302 isfomiDd of a material having 
a convlax (ndest of retraction that Is diTferent from the complex index of refraction of the fourth recording layer 402. 
More prefarabfy, all of the first through third recording layers 102, 202, and 303 are formed of materials having a 

so complex index of retraction that Is different from that of the fourth recording layer 402. To reproduce signals recorded 
in the fourth Inf onnatlon layer 4, a ligM that has passed through the first through third infom^ation layers 1 through 3 
and the quantity of which has been attenuated Is used, so that it is necessary to design the fourth information layer 4 
so as to have a high signal strengih. and therefore the fourth reconfing layer 402 Is formad of a materiel In which Ihe 
optical eharacterl8tk» change elgnfflcantly. On the other hand, In the first through third Inf omwtion tByers 1 through 3, 

BS Ills necessary that the differenee In the transmlttance balween the state A end the stale B Is small and also the 
transmmance Is high, but the amount of change \n the optical characteristics may be smaller Shan that In the fourth 
Intormanon layer 4. Therefore, at leeal one of (»>referabV. all oO the first through third recording layers 1 02, 202, and 
302 Is formed ol a material having a complex Indax ol refraction that Is dWerent from that of the fourth recording layer 
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402. Specifically, optical design is carried out using materials having a dttferent typo or materials having a dlfferant 
compoBttiDn ratio between t^o Vm through third recording layere 1 02, 202 and 302 and the fourth recording layer 402 
GO that the relatbn&hip (1) eatiofied. In parHcular, in en informaiion layer provided in a position neareetto the laser 
beam incidence side (in thie embodin^enT. thefir&t infonmetlon layer 1), it is preferable to keep the cfitterenee in the 
5 tranemltlance sr^aller than that In the other layers because the laser beam always passes through this* layer at the 
time of recDrtJing/TOprnducUon onffrom the second and the following inforrnatJon layers. 

[0041] Specmcally, when iho difference In the rofraeilVQ index between the case where the tourth recording layer 
402 is in the state A and the case where It Is In ths state B is Ar>4., the deference in the extinction coeffldent therebatween 
Is Ak4, the difference In the refractive index between the case where the J-th (j = 1 , 2, 3) recording layer t$ In the state 
10 A end the case where It ts In the state B Is Anj, and the dttrerence in the extinction coefficient therebetween ^ Al^, then 
it is p rsf erabte that the following relationship Is aatisfled in at ieaat one recording layer of the first through third rsoordlng 
layers 102, 202, and d02. 

1An4Uldl64l>IAn]U(Akil (3) 

Thus, ihe information layer can be designed such that the relationship (1) can be satlsriad more easDyi 

[D042] In Older to adjust the complex Indaoc of refracUon of a raoordlng layer to a value with which the difference In 

the transmtttancB of an Information layer between the state A and the state B cen be reducsd, the type of a material 

20 of the recording layer and the composition ratio thereof can be adjusted. At this time, a material that Is dHTerent from 
the rrwln component of the recording layer rray be added to the extent that the change of the state of the recording 
layer is not Inhibited, for the purpose of adjusting the complex Index of refraction. As an addrtionei material other than 
the main component of the racordlng layer, for example* noble metals such as Pd and Pt, elements such b& boron, 
carbon, nitrogen, oxygen and fluorine, or their appropriate mixtures are preferably used Noble metals such as Pd and 

25 Pt ere relatively unlikely to fomi a compound witfi other materials, so that the complex Index of rgtrractlon of a recording 
layer cen be changed without changing the characteristlce of the main component ot the recording layer slgnlflcarttly. 
Elements such as boron, cait>on. nitrogen, oxygen, and fluoride also are used preferably es addlflvea for the same 
reason. 

[D043] Generally, provided that the ruf ractive Index and the exUnctlon coeffldent In the case where the j-th teoording 
SO layer Is In the state A are naj and kaj, respectively, and the refractive index and the extinction coefficient in the case 
where it is in the state B era nbj and Mbj. respecthra^, when na] Itaj and nbj 4- kbj are extremely dKferont in magnlttide, 
the dWerence In the abaoiptlv^ batwoen the state A and the state B Is Increased extremely. Bnd thus the dlffarence 
In the transnnmanee of the |*th infomtatlon layer between the slate A and tha state B also la Incraasad. That It 
becomas relatively difficult to reduce tha dlfterence In the tnsnsmlttance of the J-th Information layer between the atate 
33 A and the stele B. TT^erefore, it is advantageous to carry out optical design so as to provide a recording mechanism In 
vrhfch a rolathrely large difference in the reflectance of the J-th Infomiatlon layer Is generated batwaen die state A and 
tho state B and reduce the reflectance that is provided In the state in which ebsorpthHty is high in order to deaease 
the difference in the trnnBrntttance. 

[0044] However, vifhon multiple Infonnallon layers are lamfnoted. 11 1» often Impossbie toceny out a design such that 
40 this difference In tho reflectance Is ve^ targe In an Information l«yer loeatocl in a relatively near posWon. For example. 
In the case of four Information layers Dke the optical Information recording medium in this embodiment, ttve dirferonce 
In the reflectance is about 3 to 10%. The reason for this Is that when reproducing Information frorm an information layer 
on tho far slde» the Signal amplitude 1» attonusied as a result of using a light thai has passed thmtjgh a pluralfly of 
Infoimation layera. so that It is nacesaary to adjust the information layers on the near side to the level of this attenuated 
4^ signal amplitiRje. Tlierefore, it Is preferable to design the Information layers an*angBd on the near side such tiiet the 
value of (naj kaj) -> (nbj + kbj) Is reduced. This la because It becomea dPeult for the difference In the absorptMty 
between tha state A and the state B to be generated, and oonsequemiy Ihe dmeranoe in tha transmHtanoe can be 
reduced. For this reason, tt Is preferable to produce ead) Inf onmetion layer such that a relailo nship as below is satisfied. 

* (nam-»-Ksm)-(nbm-f-Kbm)>(nai+kaJ)-(nli| + kbj) (4) 

It should be noted that In the relatlonah^ (4), m indicates the fact that the ref racth/e Index and the extinction coefficiem 
are associated with an Information layer (the fourth Information layer 4) provided In the farthest position when viewed 
ss from the laser beam incidence side. 

[0045] In the tirst though third Infoimatlon layers 1 through 3, It Is preferabls that the average tranamlttance ((TAJ + 
TBj) / 2, where J«1 . 2, 3) between the state A end the state B Is set to 50% or more, in parllcular, In the case of an 
opncal infemtatlDn recording medium constituted by three or more infonTtatlon layera tike tha optical infonnation re- 
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cording medium in ihfe ©mbodlmgnt, it is preferable that fnlormeOon layers other than the Worrnaflon layer arranged 
In the farthe&t position have an even higher average tmn^nKlence. For example, regarding Che optical inlormBtiDn 
recording medium In thte embodiment, by setting the average irenaminanca of the first infonroatlon layer 1 to 80% or 
more and both the average transmlttance of the second information layer 2 and the average transmtttaf^cio of the third 

9 Informaffon teyer 3 to 70% or mora^ a balance In the four Wfonrotlon layefs can be attained eaelV 

[0040] In order to obtain optically designed values Of cna ebove-descilbed transmlttance and Terieetance, a method 
thai Is referred to as a so-celled rtiatiix method can be uaod (e.g.. see Hiroehl Kubota, "Wave Optics", iwanami Shbtan, 
Chapter 3). 

10047) The complex Index of refraction of each layer can be measured using a spectroseope, an Bllipaonnoter and 

10 the like. As a meaeurement eample, a film that ts fomied of a material to be measured on an appmpHato substiate 
Buoh ae Si and SiOa and has a thickness that allows moaeuramDnt of the complex Index of rofraction cen bs used. . 
The material of each layer can be identfried using an analyeie preoadura such as ESOA (electron spectroscopy for 
chemical analyste). AGS (Auger etectron epectroecopy), and SIMS CBOCondary ten mass epoctromotry). and a meae- 
urerhent san^le can be produced so as to be of a material corresponding to thie. 

IS [0048] The trwnsmlllanee can be measured by a epeotroseepe, using a fitm o< an Infoimailon taysr to be measured 
that is formed on a irarteparent sut>etrato. Altemattlvel/, measurament also can ba cairled out by fonmlrTg an Information 
layer to be meaeured as the Infomiatlon tayar en tha near side when viewed from the laser beam incldance side on 
onfy a portiori of a substrate and then ptoduolrtg an appropriate Information layer having a constant Feflectanca on the 
far side, ar»d subss<iuently determining how much the quanttty of light reflected by the Jhformatton layer on the far side 

so is reduced by the presence of the Information layer on the near side by an evsaluation drh/e. 

PM)49) It should bo noted that the optica! Inf onnatton recording medium of the present Invention to not Dntled to the 
configuration shown fn FIG, 1 and can be applied to various typsa of conflguratkins. F=or example, an Intarfaca layer 
that la In oonioct wRh any of the first through fourth recortfng layers 102, 202, 302, and 402 may be newly added, or 
each of tha protective layers 1 01 » 1 03, 201 , 203, 301 , 303, 401 , and 403 rnay bo formed of two layers. In particular, 

« when ushg a write-once recording material, a configuration In which any of the protective layers 1 01 , 1 09, 201 . 203, 
301 , 303. 401 . and 403 tS onmlnated, H necessary, id elw possible. Moreover, a configuration In which two of the optical 
tnfoimaaon recording medium shown In RG. 1 are attached on the substrate 5 side end the laser beam te Incident 
Irom both the sides Is also possible. The present Invention can be applied to vartous types of other configurations. 
10050] Purtheimore, althoughthe optical ief ormatlon r^ording medium in whteh four information fiayers ars laminated 

30 is shown in thie embodiment, the number of inf onnation layers to be laminated Is not llDlled to four, and when a different 
number of Infonnalion layers are to ba laminated, it Is also possMe lo carry out a design such that the differetice in 
me traftamtttanoe is reduced by adjusting a material to ba used for a recording layer. For example, a structure in which 
two information layers (a first Information layer 11 and a second Infofmation layer 12) are laminated as shown In FIG, 
2 is also possible. An optical irf ormatlon recordmg medium shown \d F»Q. 2 has a strqetura In which the first Intormailon 

ss layer 11 , an Intermediate layer 901 , and the socond infomiatlon layer 12 are laminated in this order from the laser 
beam Incidance side Oetw^an a aubstrato 5 and a substrate 0. The first Infomiatlon layer 1 1 artd the eeoond infomiatlon 
layer ^2 have tha eametllm structures sr tha first Inforrnatton layer 1 and the second Information layer 2 of tha optteat 
jnf oimation recording msdlum shown FIG. 1 , ejroepl that respecthrc reflective layers 1 04 and 204 oro fUrtherprovlded 
oh Itie elds oppostie to the laser beam Incldonco side. 
• ^ Momover, as In tho caw? wfth the optical Informallon recording medium shown In FIG, 1 . In the optical Information 
recordb>g medium shown in FIG. 2. the first recording layer 102 and the second racoidlng layer 20Z are foimod of 
write-once materlalB that have different complex ihdicea of refraction from each other so that the above relationship 
(1 ) is satisfied. The reflect^e layers 1 04 and 204 can be f OrtTied using the same material as tha roflactJve layer 404 of 
me optical Information recording medium shown in FIG. 1 . 

49 100511 Next, a method for manufacturing the optlcat Inteimatlon recording medium lr» this ombodimerrt shown in FIG. 
1 WW be described. As a method for producing a multilayer Dim conailtutlng the opiloal information recording medium 
In this embodiment, methods such as sputtering, vacuum deposKlon. and CVO method can ba applied. As a film- 
forming gas. a gas with which a film can be formed, tor example, a rare gas SUCh as AT and Kr can ba used. For 
example, when using sputtering, ft Is also possible to use a mixed gas Of a rars gaS aifd a trace amount of nUn^gen, 

so oxygen or the like to perform reactive sputtetirtg. 

[0052] When a nitride, an oxide or a oxynltride Is used as a main component constituting the pretscllve layers 1 01 , 
103, 201 , 203, 301. 303, 401. and 403. « Is preferabls to use reactive sputtering, because a film of good quafity often 
can be obtained. For example, when the protective layers 101 , 1 03, 201 , 203, 301 , 303, 401 , and 403 are formed of 
Sl-N. a material containing at least SI Is used as a target, and a mhced gas of a rare gas and nitrogen, a mixed gas Of 

55 a rare gas and a gas containing nitrogen aloma such as N^O. NOg, NO and N^, or a mixed gas of a rare gas and a 
gas constlhjied by en apprepriatc combination of gasses containing nitrogen atoma as deBcn*bed above may be used 
BS 0 film^ormlng gas. 

[0053] MofBOver. when producing the first through louftft recording layers 1 02. 202* 302 end 402, and the protective 
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leyere 1 01 , 1 03, 201 , 203, 301 , 303, 401 and 403, 9 fnlxsd gas of » rar? gas and a trace amount of nhrogen or a traca 
amount of oxygen may bs used. In particular. In a process of fomning a film of an Infoimation layer made of a rewritable 
matarial. n is profarabls to usa a mixed gaa «n «irhlch nitrogen is mixad wiin a rare gas. In this case, tho thermal con- 
ductivity of th9 Infofmailon layer can be reduced, so thai tharmal dltlu^lon in ihe film plane ef the Informailon layer at 
3 tha tlma of Inadlatlon writh a laser beam can ba auppresGed, and thus adjacent eraeure (eraaura or adjacent recorded 
marka due to dllKislun of heat in the Inplane dIrecttDn) can be eupprsasad. Moreover, In thia case, the strength of the 
film Is tncreased, so thai there is also an advantage that the repeated reoondlng pmpgrty la Improved hi the caae of a 
recording material In which a reversible change occurs. 

[0054] When using a phase change recording material to form a revnitablG Information layer, tt Is common that an 
« energy Irradiation proceaa such bs trradiatlnga recording fayerwlth a strong laser beam in order tochange the rocording 
layer into a crystalline state further i& Irtcluded after or during manufacturing on optical Information recording rrwdlum. 
Thus, Information can ba rewritten easily from tho beginning. However, in order to omit this crysftalllzatlon procesfl. It 
Iti preferable that a recording layer la formed of a malarial that Is easy to ciystalUzfi so that the state invnedlatoly after 
the recording layer is fomiod is a crystalline stale, or a mothoci such as f onning a thin film of a recording material that 
fS can be formed with GiyataJllzaUon before the pnocesa of fornitng a recording layer, and then forming a recording layer 
Is performed. 

[0055] In an optical information recording n>edium in which mutlpla Information layers are laminated, a process for 
initializing all of the Information leyem becomes complicated as the numbor of layers Incraasea, so that it may be 
difficult to achieve sufHcient stabllhy for a focusing operation. In such a case. It is preferable tofonn a recording layer 

^ with crystalllzatlDn. At this time* it is preferable not only in that the process ot crystallizing tha recording layer can be 
omitted and the cost can be reduced, but also in that the otharlnformatlon layers are prevented from being unnecassarlty 
damaged by heat as a re&utt ot undergoing the crystatttzation procees. CiystallbtatiDn of a racordlng layer after the film 
is f orrned can he realized, f orexample, by providing a pnacasa of forming a film of a matertat that la a crystal Immediately 
eftar the film is formed, such as Sb, Sn*lb and Bl-lb, before the process of forming the necordlng layer. 

Si [0056] Regarding the order In which the layers of the optical Infonnalion recording medium In this embodbnent are 
produced, fllma are formed In tfm order from the reftecthm layer 404 side to the protective layer 401 on the substrate 
5^ and further a groove shape is transferred to the tntanhedlate layer d03 fonmed of an ultre^olet curable rasin or tha 
like, and then the third information tayer 3^ the IntennedlBte layer 902^ the second information layer 2. tha Intermediate 
layer 901 , and the first Infbnnatlon layer can be formed in this order In tha same manner. The light transparent layer 

30 6 may be formed, for eyampie. tvy attaching a base material having an adhesive resin on one su rface to the iaminate 
that IS tombed with the fourth through first Irrformation layers 4 through 1 on the substrBta 5 or by attaching a base 
material In the form oT a sheet with an ultraviciet curable resin to the laminate. Alternatively, as another method for 
producing the optical informatton recording medium, a method of attaching tha fourth tnfomiatlon layer 4 and the third 
Information layer 3 formed In this order on the substrate 5 by tha same rnethod to the first Information layer 1 and the 

35 second information layer 2 fomied In this order on the light transparent layer S to which the groove ehape has been 
transferred via the InlermediBte layer 902 also can ba employed. 

[0057] Next, an example of a method for recordlng/mprodueing Inromnation oh/from the optical tnfomnatlon recording 
medium thai Is formed In such a manner as described above will be daseribed, FIG. 3 shows, |n the ease where the 
optical Information reeordtng medium In thIa embodiment la an optical dl6k24, en outline of an example of an information 

^ reeording/lreprodueing apparatus ttwt Is uaed when information Is recorded/reproduced on/ltom this optical disk 24. 
The irvformatlon reeerding^produolng apparatuc capable of recording, reproducing and erasing signals la provMad 
with a laser beam source 20, an optical head equipped with an objective lens SI , a difve device 22 for guiding a poattlon 
to be in^ediaied with a t^eer beam to a prodetem>lned position, a tracking control device (not shown) for controlling 
positions In the direction of a tracks a focusing cantrel devica (not shown) for controlling positions In the direction 

4$ perpendicular to the film plans, a iaaer drive devioe (not shown) tor ir^odulatlng the tssor power, and a rotation control 
device 23 for rotating the optical disk 24. 

[005&] Signals are recorded^ erased, and reproduced by rotating the optical disk 24 using the rotation control devk:e 
23 first and focusing a laser beam on a micro spot by an optk»1 system to Irradiate the optical disk 1 4. Reproduction 
of signals Is performed as followE: the disk Is Irradtatad with a laser beam with a power at a power level lower than that 
so in the cases of r^onllng and erasing signals, so that the optk:al stale of racorded marks Is not affected by irradiation 
with the laser beam at that power level, the power Blk>wlng a sufficient quantity of light for reproducing the nBcorded 
marks to be obtained from the optk»l disk 24 by Irradiatton. The obtained signals trom the optical disk 14 ana read out 
by a datector (not shown). 

SB [Examples] 

[0059] Hereinafter, the present invention will be descrtbed further in detail by way of examples. However, the present 
Invention la not limited to these examples. 
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(Example 1) 

IOO60] iTi Exarrple 1, the optical inwrmati(>n recortflng medium Bhown in FIG. 1 was produced, in ^e ""Pj^l^'' 
mation recording medium In this example, eil of the first through Tourth reogrdlng layera 1 02, 302^ 4^2 were 

5 fomied of a wriie-once material ot To-oPd. end the compMltlon ratio was changed between ihe recording layem 
Induded In Iha raspwlive Inforniailon layars so that a value of the difference In the tmnsmlttance was varied rr» the 
information layers. In the optical Informailon recording medium In this example, the state (heretoalror. r^^^^^ ^ 
-as dapo stalo") immodiaiely ^er a film waa formed was an unrecorded state, and when marKa wore 
an appropriate laser power, the reflectance In the mark portion was decreased. At thte time, the mark portton wasin 

10 the cry&taBlne aiate. That Is, In the optical Inlomiatlon recording medium In thl« axampie. the ae depo. state and the 
crystalline state correspond to the stete A and tha etato B. respectively 

[00611 A meihod for producing the optical InfonDatlon recording medium In Ihia example fe as followe, 

[0062] A dtek-6heped polycaroonate plate having a thtoKnesa ol 1 .1 mm and a diameter of 120 mm was uaad as the 

substrate S and aapirel grtHwe havinfi a width of 0.16 n"!. a groove pitch of 0.32 and a depth ot 20 nm wee formed 

fS on its surtaoe. All ol the pwieertve layere 101 . 1 03. Z01 . 203, so^ . 303. AOI . and 405 were produced using a mmeriai 
»n which SroalSff^lxedwith ZnS (ZnS: BO mol%. StO^: ZOmol%) and the reflective layer 404 was prodiMJed using Al-Cr. 
Films of lha fourth inforniatton layer 4 were forWied aueceaahrflly In the order from the reflective layer 404 side tjy 
sputteringontha surf acBCf the BubatrateBwhera the groovewaafomied. Then, thelntermedim 
by applyina en ultraviolet cumWe resin onto the surface ot the protective teyer 401. transferfln^tha same groove as 

so that of the substrata 5 to the surface, and curing the resin. Then, the thfrd inlbrniation layer 3, the imemrtedlaie ^r 
902, the second information layer 2. the Intermedtete layer 901 , and thoflrst infofmatlon layer were f oimed In this Ofdar 
using the samo method. RnalV, the light transparent layer B was formed by adhering a ehort made of polycarbpnate 
with an uttravlolBt curable resin. i. -*,^u 

10063] Tablel 8hDWBthefllmthkdai9S30feachlayerlncludedlneachmedlumBampleandtheeptk5alchBi^ 

25 thereof. Table 2 shows the composition ratio of the recording layers In each medium eampte. 
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IS 



m9dium No. 


rocarding layor No. 


eompOfinlDn ratb (at%l 


T© 


O 


Pd 




fourth recording layer 


36.0 


54.0 


10.0 


third recording layer 


S6.0 


54.0 


10.0 


second recording layor 


36,0 


M.O 


10.0 


first rocordfng layer 


36.0 


64.0 


10.0 


0) 


fourth recording layer 


36.0 


540 


10.0 


third rdcofding iay«r 


36,0 


54.0, 


10.0 


aeooDd rocordinfi layer 


38.0 


51.0 


11,0 


fir^ recording leyer 


38.0 


S1.0 


11.0 


(2) 


fourth recording layer 


32^ 


60.0 


8.0 


third recDidlng toyar 


34.0 


S7,0 


0.0 


ceoond racordlng layer 


36.0 


94.0 


10.0 


first rBcordIng Isyor 


38.0 


51.0 


11.0 



[0064] In Table 1 . a lower protactlvd layer refera to a protective layer located on the laaer baam Incidence side whan 
vlewedlrom a recording layerin each inf omrtatlon layer, and an upper protective layer refers to a protective layer located 
on the side oppoelte to Ihe laaer beam Incidence side when viewed fronn a recording layer. Hare, a medium sample 
(1) had the eame the conflgunatfon as that shown in FIG. 1 . in a medium sample (2). also the third Information layer 3 
was provided with a reftectivd layer made cf Ag-Pd-Cu and having a flhi thteicpQEs of 10 nm on the aide opposite to 
the laeer beam In^ence eide of the protective layer 303. The medium sample (2) had the same cenfigu ratten as that 
shown in FIG. 1 , except thai the tWrd Infomiatbn leyer 3 was pnsvided with the reflective layoc 
[0065] in Tbbte 1. naj and kaj indicete the refraettye Index and the extinction coefficienf, respectiveiy, In the case 
where the reoording layerfi era In the as depo. etate, end ncj end KcJ indieate the refractiVB rrtdsx and the e9(tlncrior> 
coefficient, respectively* In the caee where the recording fayera are in the cry«tBlIfne state. The complex index of re- 
Iraction of each recording layor was measuted by a spectroscope using a sample made by producing a thin film on a 
quart? substrate under the film formelion condKions identloa( wfth those in the proceed cf tontring the neecrding layer. 
The complex index of refraction in the cryatailine state was measured using a epectroscope as well afier annealing 
this sample to a predetem^lned temperatura at which the recording layer becomss the crystalline state. 
tOOae] The complex Indices of refraction of the first through fourth recording iayen^ 1 D2, 302, 30^, and 402 in each 
medium sampi© ere es shown in Tllbie 2. m Ihe medium eanipie (1), ihe first recording layer 102 and the second 
recording layer 202 are formed with the eame compositJon ratio, and the third recording (ayer 302 and the fourth re- 
cording layer 402 are formed with the same compDsltlon ratio, in the medium sample (2), all of the flr^ through fourth 
reconjOng layers 102, 202, 302, and 402 are fomied using a oompositlon ratio that dtfterom from one another. In a 
medium sample (0) that is shown for comparison, all of the first through fourth reoording layers 102, 202, 302, and 402 
are fomied of a materiai of tha cams compoEltion having the same complex index of refraction, 
' [0Q$7] The mm thlcioieee of each protective layer was adjusted such that the levels of the reflectance of slgnetg irom 
ell of Vho information layers became almost equal, and the protedh/a layers were designed such that the transmittance 
of e Bch Information tayer became as high as possible and also the diffenence In the transmittance between the recorded 
state and the unrecorded state became as sn^li ea possible within the range In which thi» edjustment was posstole. 
pofiil] Moreover. In Table 2, Ra indkiates the reflectance In the case where each recording layer is In the es depo, 
state and Flc indtcatss the reflectance in the case where each recording layer Is in tha crystalline state, end lb and To 
(oonnaspondtng to TA| and TB]) Indicate the transmtttance in the case where each- recording layer Is In the as depo. 
state and the transmlttance In the case where each reoording layer Is in the crystaliina state, raspscthrety- Ra - Rc was 
rapraaented by AR. Ra and Rc were measursd by an evaluation drive using samples in which each infom^ion layer 
alone was formed on substrates, and Ta and Tc were measured by a spectroscope using eamples in which each film 
alone was fomied In the same manner A crystal rme portion of the tnfomiation layer was produced by irradiating with 
B laser beam under appropriate conditions using an initializing apparatua, 

{0069] Furthefmore. in labia 1 . off. Ra and eff. AR indrcate the refiedanee in the as depo. state measured by the 
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evaltiatlon drive and the difference In the raflactance between the as depc. stale and the crystalline state, respectively, 
In the casa whera four Inforrnatlon layare wore laminated and a target Information layar was Irradiated wflh a laser 
t?eam. According to these results, tt Is found that in the state where the tour infomiaifon layera are lamlnatod, the 
ronectlvltiee ar»d the inerences in retlectance are in substantial^ the sama lavel in the (our Wormailon layors. 

5 [0070] All Of the rrodlum samples (0) through (2) were produced such that the light transparent layer 5 and the 
miarmediate layara 901 . 902, and 903 ware 60 ^n>. 12 wn, 15 jim, and IBum, reBpacllvety, In thtekness. 
[0071] When forming the protadlve layers 101. 103, aoi, 203. 301 , 303, 401 . and 403, Argas was supplied such 
thai the total pressure was 0.10 Pa. and a RP power of 5.10 W/cnf was applied io a cathoda. when foiming the 
reflective Jayer 404, Ar gaa was supplied such that the total prassure was 0.13 Pa, and a DC power of 4.45 W/cm^ 

iQ weaepplwd. 

Whon tomilng the first through fourth rocordng layers 1 02, 202, 302, and 402, a target having an atom ratio of Tfe : Pd 
BO : 20 was used, a mixed gaa of Ar and oxygen was auppnedsueh that the total pressure was 0.13 Pa, and a DC 
powar of 1 .27 W/cnrf^ was applied to a cathode. 

[0072] In the rneclium sample (1 ) and the medium sample (2), the corripositlon of each recording layer was adjusted 
>5 by changing the ratio between Ar and oxygen in a f llm-fonrting gas In forrrtng tha first through fourth recording layers 
102, 202. 302, and 402. Specifically, for the first and th9 second recording layers of the medium sampla (1 ), the flow 
ratas of Ar gaa and ovygen gas In a fllm-fomiing gas wsra sst to 4.2 x mS/a (25 seem) and 2 7 x 10-7 rn^/e (16 
seem), raspect/vely. For the third and the fourth recording layors. the flow rates were set to 45 x 1 0-^ mVs (25 seem) 
and 3.7x1 0'^ m^/s {22 seem), respecth/ely. AiftO for tha medium sample (2). the flow rate of Ar gas was kept constant 
so at 4.2 X 1 0-7 rrt^/e (25 scorn). The flow rates of eitygen gas were sat to 2.7 x 1 o-^ m^/a (1 6 accm). a.7 x 10-^ rti^s (22 
seem). 4.0 X 1 0-7 nn3/9 (24 seem), and 4.3 X 10"' mVs (26 socm) with respect to the first, the aacond, tha thhd, and 
the fourth recording layers, raspacth^ely. For the medium sample (0), the flow rate of Ar gas was set to 4^ x 1 o-7 
s {25 accm) and the flow rate of oxygen gas was set to 9.7 x 1^? m3fe (2g sccfti) with raspad to all of the first through 
fourth recording layers. It was conflrmad by XMA {X-ray micfoanaly/ef) method that in the recording layers pn?duced 
» In such a manner as daeorllMd abova, the higher the oxygen flow rate was, tha larger the quantiiy of oxygon captured 
in^tha film hecame (concentration of oxygen atoms tncraasBd). 

PN)73] When reoocdlng^reproduclr)g signals, a laser beam having a wavelength of 406 nm was used and the numerical 
aperture df the objeatve lens was sat to 0.6$. 1 «7PP modulation was used as a signal rrwdulation system, the £T mark 
length was set Do 0.159 |im, and the dieic rotational speed was set to a Bnear velocity of 5J26 m^s. 

30 [0074] The affects of the dirrerenca in the tranamtttance of an information layer located on the nearside ware eval- 
uated in the f oikwing manner. First, signals were recortted In a half, of the circumference ot each traci; at a wide range 
of positions In the radius (e.g., oniiro area from 25 mm to 35 mm In the radius) In the first mtormatlon layer and than 
racordtng was perfomied In the second infofrrtotlon layer 2 at a position in the radius (e.g., in tha above casa, 30 nvn) 
that coirespondB to tha position In the nrst infomiatJon layer In which the signals were recorded. RG. 4 shows an 

a? envelope of signals during reproduction from tha second informaUon layer 2 si this time. 

As shown In FIQ. 4, the amplitude of the envetope of the reproduction signals varies according to whether or not 
recording has been performed in the first Irtfomnation layer. Tha reason for this b that since the transmlttance of the 
first W ormatlon layer 1 differs according to whether or not reecnling haa been perfonrted, the quentlly of Itghl In re* 
producing from the second inTormatlon layer 2 through the firet information layer 1 differs. Here, the difference In the 

4C transmlnanee of the first Inf ormsftion layer 1 was evaluated bf obtaining the cceffiolent of variation (Vh - VJ / V^^ of Ihe 
envelopa (whare V,^ rvfirosents the hrgheet feval of th e sJgnal amplitude and rapreaente the loweet level of the signal 
amptttude). When evaluating the third Information layer 3, similarly, the foilewtng areas were prooueed: an area In 1M 
of the track in which recording was penormed In both of the first and the second Infonrtation layers; an area In another 
V4 in which recording was perlormed in the first infofrT\ation layer 1 but was not performed In the second information 

<S layer 2: an area In another 1/4 in which recording was not performed In the first Informatiori layer 1 but was peitonnnGd 
in the second mf ormation layer 2; and an area in tha other 1/4 In which recording was not perfonriBd In either of the 
first and the second Information layers. Then, racording was parfomfied In the third Information layer 3. The coetTlclem 
of variation shown was taken when tha variatlbn of the envelope was maximal. Regarding the fourth InTormatfon leyer 
A, recording was performed In the same manner In each 1/B of the track such that ail the sttuallons made by oombinlng 

so the recorded state and the unrecorded state In the fM through third Information layers wars included, and then re* 
cording was perfofmed, and the maximum coefficient of variation of the envelop© was datormlned. 
[0075] At the same time, the error rate of reproduction signals was determined with respect to all of the Information 
layers. Table 3 shows the results of the evaluation perf onmed on all of the Informatton layerB in all of the above medium 
samples. 
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(Table 3) 



medium No. 


InlormerOcn layer No. 


(nsfflclent of vartBtion 


error rata 


(0) 


d 




X 




3 




X 




2 




X 




1 


® 


® 


0) 


4 


0 


0 






® 


® 




2 








1 


® 




{2) 


4 


® 


© 




3 


® 






2 


® 






1 


® 


© 



[D076] Here, me ooefTloient of vartation In the rengo Pf leee than 6% was Indicated by® , that m the range of 5% or 
more and less than 1 0% was indicatad by Q and that outside these ranges was Indicated by x . TDe enror rate fn the 
29 range Dfieas than 1 x ior4 was Indloateell^® . that In the range of 1 x 1(H or more and tesa than 1 x was ' 
IfKlloated by and that outside these ranges was indicated by x . 

[D077] According to Table 2. Ih the medium samples ( 1 } and (2), the error rate Is tmpmved eompared to the unedhim 
sample (0), which 1$ a comparative example, tt la beHeved thai the r^a^on for this la that $ince. in the medium sample 
{1 ) and the medium sample (2). the dmerehce in the transmittanoo between the case where recording has been per- 
rormed end the case where reoording Kaa ncrt been performed i9 small in the Inforniatlon layer located on the near 
Qide, the ooeff rcierrt of vartatbn of the envelope Is low and the error rato Is dooreaeed. 

[007B] When Information layers In which the difference In the transmfttance between tho recorded state and the 
unrecorded etate waB email but the avoTEige transmtttance (Ta ^ Tc) / 2 between the as depo. portion and the cryetaliine 
portion was smaDer rhan 50% wane produced as the first through third Information iayere 1 through 3, the ooeaident 
ss of variation of the envelope was enrtati, but the farther the position of the information layer waa, the higher the error 
rnte wee. it Is believed thai the reason far mia is that since the tmnamittance of the infonnatlon Isyer on the near side 
is low, a sufficient quantity of the laser beamcannot be obtained during fDcordlng/reproduOtion ort/fromthe Inforniation 
layer on the far elde. 

P)079] The dtfferenee In the transmfttance could be reduced by changing the CDncentratlon of Pd atoms contained 
40 in the recording layer, ondttiasama afTacts aslnthe case of changing theconcantratlon of oxygen atoms were achieved. 

(Example 2) 

[OOSO] In Example 2, the optical Informetfon recording medium shown In FIG. 2 wee produced. In the optteal Infor* 
45 mation recordlrrg medium In this example, both of the first and the eocond recording layers 1 02 and 202 were formed 
of a wrltB-onca material of Te-O-Pd and the difference In the transmtttarrce In each information layer was adjusted by 
changing the composition ratk>. 

[0081 ] A method for produdng the optical Information recording medium in this example is as foUowS. 
[0082]* A dl$k<>9haped polycartonate ptate having a thbicnesa of 1 .1 mm and a diameter of 120 mm was used as the 
so substrate 5 an d a spiral groove having a width of 0 .1 6 >im, a groove pitch of 0.32 |im. and a depth of 20 nm was formed . 
on fts Gurface. The second Information layer 12 was formed by sputtering from the reflective layer 204 side on the 
surface of the substrate 5 where the gmove was formed. 

[00S3] The reflecthre layer 204 was f onT>ed us^ng fSV-Or and had a thlci^ness of 40 nm. The protective layer 20S was • 
foniied using a material In which SIO^ ie mixed with ZnS (ZnS: ao mot%» SlOg: 20 mol%) and had a thleicnefis of 17 
55 nm. The second recording layer 202 was formed using T^<0-Pd (Te: 30.0 Bt%i 0: 65.0 at%, Pd: 5.0 at%) and had a 
thickness of 30 nm. SpecffbaDy. a target of Ib-Pd fjt', 90 6it%. Pd: 10 at%) was ueed and a mixed gas of Ar gas and 
oxygen gas was used as a f ibi-f onnlng gea. The flow rates of Ar gas and oxygen gas ware set to 4.2 x 1 (25 seem) 
and 4.7 >c lo-? soem), respectively. The protective layer 201 was formed In the seme manner aa the prateotlve 
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layer 203 and had a thickness of 6 nm. 

[0084] Then, the f ntemnediate teyur soi with a thickness of 25 [un was Tormecf . Speciffcally, It wbb Tormed by applying 
an ultraviolet curable resfn onto the protective layer 201 , tranefen-lng |h© wimo grows m that ot the OUbStretd 5 to the 
durrace, and cudn^ the resin. 

s J^OBS} Then , the first Information leyor 1 1 wee Tomned from the reTloalve layer 1 04 eide. The reflecitve layer 1 04 was 
formed using Ag-Pcf-Cu and had a thickness of10 nm. The proteeirve layer 103 was formed using a material In whtch 
LaF Is mixed wlih Zr-Si-Cr-O and had a thickneee Of 15 nrri. The nr« recording layer 102 was formed using Te-O-Pd 
(Te: 36.7 at%, O: 53.0 at%, Pd: 10.3 at%) and hed a ihlckness of 10 nm. Specrtlcally. a target of Te-Pd (Te: 60 aRt, 
Pd: 20 al%) was used and a misted gas of Ar gas and oxygen gas was used as a f Hm-forming gas. Tlw flow rates of 

w Ar gas and oxygen gas ware set to 4.2 x 1 0-' (25 seem) and 3.3 >c \ 0*7 ^20 seem), reapecUvely. Tne protective layer 
1 01 was fomwd In the same manner as (he protective leyam 201 and 202 of iho second liifonnatton layer 12 and had 
a thickness of. 22 nm. 

IPOSS] As dsBcrtbed above, In the optical feiformation recordlrig medium in this example, the flret recording leyor 1 02 
had a lower ooncantratlon of oxygen atoms and a hrgtier concentration of Pd atoms In the film than those In the second 
recording layer 202. In such an optJcal Inlomiation recording medium, the optical characteristics were measured in the 
same manner as In Example 1 , and further the envelope and the error rate of reproduction slgnele wars measured for 
evBluetlon. Aa a result, the durererKre In the tranamlnAnca between the racordad state end me unrecorded state in the 
first Information layer 11 could bs reduced so that the relationship (1) was satisfied, and the coefTiclart of variation of 
the envetope and the orror rate could be suppressed to low levels. 
90 [0007] From the foregoing. K was conflmfied that correct signals could be obtained during reoording/reproduction onf 
from the Information layer on the far side by adjuettng the complex Index of refraction of the recording layer In the 
mformatfon layer iooated on the near side so that the deference in the tranemlttatica of the informatwn layer on the 
near side between the recorded state inthle recordino layer and the urracorded state was 10% or leea. 

^ InduatrialAppllcabiltty 

[0088] According to the optical informalion recording medium of the present Invention and the method for manufac^ 
turing the same, by using materials havtfig different complex Indices of refraction for recording layers In multiple Infer* 
matlon layare. It becomea posetole to adjust the difference In the irarismlttance of the Informetton layer located on the 

30 laser beam Incidence side between the recorded state and the unrecorded state, so that It t>ecomes pos&ble to perfom> 
recording/reproduction on/from multiple Informalion layers correctly. Thus, an optical formation recording medium 
with an even higher capacity cen be provided. Moreover, write-onee recording layers tend to be designed so as to have 
a very high transmlttance, and thus It is often pDsslb)a to laminate mult^le Infomiatlon tayere. Therefore^ the optical 
information recording medium of the prasent InvanilDn k» suitable to be used for qMlcal infomiatton recording media 

^ including a wrtte-once recording layer. 



Claims 

« 1 . An optleai Inlomiation reoordihg medium comprising a subetrate. at least m (m Is an Integer of 2 or more) infonnatlDn 
layers provMed on the substrate, 

wherein each of the m infomvitfon layers comprises a recording layer that changee Irreverstbly between a 
etaie A end a state B that are optically different from each other, 

In the case where ^9 m Information layers are taken as the first through nvth ir\formatlon layers In the order 

49 from a laser beam incidence side, when a recording layer Included In the j-th infonriaiion layer (1 Is an integer 

eallsfying 1 ^ J ^ m - 1 ) is taken as the j-th recording layer, and when a tranemittanco of the j-th inf ormatwn layer 
at the time when the j-tfi recording layer la In the state A is TAj (%) and a iransmitlance of the hth information layer 
at the time when the j-th recording layer IS in the state B TB] the following ralatlonahip te aatlafled In the J- 
th information layer: 

BO 

0 5 ITAj - -rejl / {TAl,TBDmax 5 0.10 

where OAJ JBJ)max b a larger value of TAj and TBJ, and 
ss at least one recording layer of the f trst through (m - 1 )th reccrdlrtg layers Is formed of a material having a 

complex Index of refraction {n - Ik. where n is a refrscttve Index ar>d k Is an extinction coeftkHant) that is different 
from thai of the m-th recording layer Included In the m4h Information layer. 
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The optical tmormatlon recorOing medium acgohling to claim 1 , wherein when a difference m the refraotlve Index 
between the case 

Where the m-th recording teyer is in the state A and the case where K In the state 9 le Anm. a dinerence in the 
extinction coefftctent therebetween ^ ^Km, a dinerence In the retractive Index between the ease where the Hh 
3 recording layer Is In the state A and tha case where It is In the state B 1$ ^nj, and a dltrardnce In ttie extinction 

cDofflcienl therebetween is AKIt tha following raiationchlp 15 eatlened In et least one Wormailcn layer of the firet 
through (m - 1 )th tnfonnalion layeis 

„ lAnm) -I- lAtaml > lAnji 4- 

3. The optical infemwtlon recording modlum according to dahm 1 ; wherein further the following ralationsh^ is aatiefiad 
In ths j-ih inforrnation layer 

(rAj4.TBJ)/2a50. 

4. TTie optical Informaitan recording medium according to claim 1. wherein least one of the first through m-th 
recording layGrs contains an oxide. 

so 

5. "me opticQl information recording medium according to claim 4, wherein the first necording layer contains an oxide, 

B. The optical information recording medium according to claim 1, wherein at least one of the flf^t through m-th 
recording layers contains Te-O-liA (where M ie a material containing at least one elentent selected tram the group 
S9 consisting of metaJ elements, semimetai elements and semiconductor elements}. 

7. The optical Information recording medium according to claim 6 , wherelit all of the first through rn*th recording layers 
contain Te-O-M, 

30 B. "me optica? Infomfatlon racbrding medium aooording to claim 7, wheroin A (east one of the first through nvth 
recording byars has a dlR^rent concentnation of oxygen atoms from that of at least one or ttie other recording layere . 

9. The opticai inf ormatton necoidlng medium according to etetm a, wherem in me fUist through m-th recording layers, 
a recondlng layer provided nearer to the le»er beam incidence side hes a lower concentretlon of oxygen atorne. 

10. The opticai information recording medium aooording to claim 6, wherein the concertratlon of M atoms in the first 
recording (ayer Is higher than thai In the second throu^ nvth recording layers. 

11. The optical Information recording medium according to claim 1. wherein et loaet one of the fIrBl througi> m-th 
^ recording layam contains at least one selected from the group consisting of Sb-0, Sb-Te-O, Ge-O, Sn-O, In-O. 

Zn-O. Ga-O, Md-O. endT1-0. 

12. The optical information recording medium aooording to claim 1 , wherein m Is 4 or more. 

13. The optfcal information racordlng n)edium eeoording to olaim 1, wherein m le 4 end the folbwlng rafatfonshlp I& 
satisfied 

so 

and 



(TA2t-TB2)/2^70 



and 
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fTA3 + Te3)/2&70. 

14, the optical Information recortling medium ficcordlng xo claim 1, wrherelr* the first through m-th rocortlrig layem 
havB a thickness of 60 nm or low. 

15. Th& optical mformatlon recording rrwHuro aecorcUng to dalm 1 , wherein an informatton layer including a recording 
layer that can change reverBlbly between B state A and a slate 8 thai are optlcafly different from each other further 
Is provided. 



16. A method for manufacturing en apticBl Information recoftllrig modlum In which a plurality of Infom^tion layers are 
provided on a subGtrate, compriaing 

at least m (m la an Integer of 2 or more) steps of tomiInQ an information layer Including a recording layer thsrt 
can change In^varelbly between a slate A and a state B that are optically dlirerant from each other. 
?5 wherein In the case whore ihe Information layers fom^ in the m steps are taken as the first through m-th 

Information layers In the order from a laser beam incidence side, when an Infonnation layer provided In the J-th 
position from the laser boam Inddance side is taken as the j^th infonnation layer G la an )ntegar sattefying 1 5 J <: 
m - 1) and a recording Isyar Included in the J-th Intormailon layer 'x& taKan as the j-th reconJIng layer, and when a 
transmittanco of the J-th Infomrtatlon layer at the time when the j-th recording layer la fn the state A la TAJ (%) and 
B transmlttanca of th e J-lh Information layer ar the lime when the J-th recording layer la In the state B »8 TBj (%). at 
least one raeordtng layer of the first through (m - \ ^ recording layers te fomwf Of a materiel having a complcjc 
Index of refraction (n - tI«. where n is a refractive index and k Is an extinction ooefflciGnt) that la different from that 
of the m-th recording layer Included In the m-th Information layer In such a manner that tho following relationship 
is satisfied In the J-th Informatton layer: 

SB 

0 S ITAJ - TBP / (TAJ.TBJJmax 5 0.10 
where (TAJ.TBJ)mBX ia a larger value of TAJ and TB). 

SO 

17. The method tor rnanufadurfng the optical InTomfWtlon recording medium according to claim 1 B, 

wherein In at lea^ one step of tne m stepa, a wrfte-onca recording layer containing Tte-O-VI Is proouceo by 
reactive sputtartng. ueing a target containing al least Te and M (M a material containing at least one element 
selected from the group consisting of metal etemenls, semimstal aiamsnts. and semloonductor elemGnis) and a 
^ flim-tormlng gas containing at leesi oxygen gas. 
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